This paper analyses patterns of production across 14 industries in 45 regions from 7 European countries since 1975. We estimate a structural equation derived directly from HeckscherOhlin theory that relates an industry's share of a r egion's GDP to factor endowments and relative prices.
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Introduction
"One of the best ways to understand how the international economy works is to start looking at what happens inside nations ... The data will be better and pose fewer problems of compatibility, and the underlying economic forces will be less distorted by government policies." 1 One of the most influential conceptual frameworks for theoretical and empirical work in international trade is the Heckscher-Ohlin (HO) model. A key attraction is the model's ability to yield precisely formulated theoretical predictions, which are amenable to direct empirical testing. However, a number of cross-country studies have called into question its empirical validity. For example, using data on cross-country trade in factor services, Bowen et al. (1987) reject the HO model against more general alternatives including measurement error and neutral technology differences. 2 This paper examines the ability of the HO model to explain patterns of production at the regional level in Europe using a newly constructed panel dataset on output and factor endowments in 45 NUTS-1 regions from 7 European countries since 1975. 3 A number of reasons have been put forward for the disappointing empirical results at the country-level. The use of regional data enables us to abstract from many of these reasons -for example, both measurement error and technology differences are likely to be much smaller across regions within Europe than in a cross-section of developed and developing countries. The European Union provides an interesting laboratory within which to explore the relationship between factor endowments and patterns of production. The ongoing process of European economic integration introduces exogenous variation in relative prices. We are careful to control for this variation, and examine whether the relationship between factor endowments and patterns of production within countries has been strengthened or weakened by closer economic integration.
Much existing empirical work on the international location of production has, for reasons of data availability, been concerned with the manufacturing sector. This paper explicitly considers both manufacturing and non-manufacturing, where the latter accounts for more than 70% of GDP in many NUTS-1 regions. We focus on patterns of production rather than trade, because the central predictions of the HO model are for producer equilibrium and, in so doing, we abstract from any violations of the model's assumptions concerning consumer behaviour. 4 Data are available on five 1 Paul Krugman, Geography and Trade, MIT Press, 1991, page 3, cited in Bernstein and . 2 See also Trefler (1995) , Davis et al. (1997) , Gabaix (1997) , and Davis and Weinstein (1998) . The HOV model's empirical validity has remained in question since the debate concerning the 'Leontief Paradox' (see, for example, Leontief (1953) and Leamer (1980) ). 3 NUTS stands for Nomenclature of Statistical Territorial Units. NUTS-1 regions are the first-tier of sub-national geographical units for which Eurostat collects data on the EU member countries. See Appendix A for more details concerning the data used. 4 Three of the HO model's four key theorems -the Rybczynski, Stolper-Samuelson, and Factor Price Equalisation factor endowments: high-education, medium-education, and low education individuals, physical capital, and land area. With the exception of land area, four of these endowments exhibit a degree of mobility across regions within a country. This is entirely consistent with our approach. The analysis shows that, under the assumptions of the Heckscher-Ohlin model and with factor price equalization within countries, the same relationship between production and factor endowments exists whether factor endowments are perfectly mobile across regions within a country or perfectly immobile.
We find substantial variation in patterns of production and factor endowments, both across
European regions at a point in time and in individual regions over time. Across a wide range of different econometric specifications, there is a statistically significant relationship between factor endowments and patterns of production. Increases in physical capital are associated with a higher share of Manufacturing in a region's GDP and a lower share of Agriculture and Services. Movements from low to medium educational attainment are negatively related to specialization in Agriculture and positively related to specialization in Manufacturing. In contrast, movements from medium to high educational attainment are associated with a reduction in the share of Manufacturing in GDP and an increase in the share of Services. These effects are quantitatively important: including information on factor endowments reduces the model's average within-sample proportional prediction error by around 350%. Among the three aggregate industries considered, factor endowments are most successful at explaining regional specialization in Services and Manufacturing. Across regions within each country, we typically find the same ranking of industries in terms of (increasing) average prediction errors, from Services, through Manufacturing, to Agriculture. There is no evidence that the process of increasing economic integration in Europe has weakened the relationship between patterns of production and factor endowments within countries. We find evidence in favour of a hypothesis that has been frequently assumed in theoretical and empirical work, but has rarely been systematically examined empirically. That is, factor endowments are more successful in explaining patterns of production at the aggregate level (Agriculture, Manufacturing, and Services) than in disaggregated industries within the manufacturing sector.
A number of papers have considered the relationship between factor endowments and international trade in factor services at the country-level, including Leamer (1984) , Bowen et al. (1987) , Trefler (1995) , Davis et al. (1997) , Gabaix (1997) , and Davis and Weinstein (1998) . As discussed above, this literature typically finds that the HO model is rejected against more general alternatives. Davis and Weinstein (1998) argue that, with a few plausible amendments, including cross-country differences in technology and a more flexible specification of preferences, the HO model is consistent
Theorems -require no assumptions about consumer preferences.
with international data on trade in factor services. Although, the model is no longer Heckscher-Ohlin as traditionally conceived or strictly interpreted. The first paper to examine the empirical predictions of the HO model for the location of production was Harrigan (1995) , which used data on 10 manufacturing industries in 20 OECD countries during 1970-85. Factor endowments were found to account for much of the variation in output, although average prediction errors, expressed as a percentage of actual production were around 40%. Physical capital was found to be an important determinant of manufacturing output, although the effects of endowments of skilled and unskilled labour were more ambiguous. Harrigan (1997) and Harrigan and Zakrajsek (1999) use country-level data to estimate the neoclassical model of trade, which generalizes the HO model to allow cross-country differences in technology and preferences. Harrigan (1997) finds that both relative technology levels and factor endowments are important determinants of patterns of production. Redding (1999) uses the neoclassical model to analyze the dynamics of countries' production patterns, while Nickell et al. (2000) use a newly constructed and disaggregated dataset on educational attainment in OECD countries to analyze the relationship between changing levels of educational attainment and production patterns.
An emerging empirical literature has recently begun to examine the predictions of the HO model using regional-data. Davis et al. (1997) analyze trade in factor services using both country-level and Japanese regional data. The data on production in Japanese regions are found to be consistent with factor price equalization. When the model is applied to data on regional rather than countrylevel data on trade in factor services, the empirical results are much more favourable. Bernstein and Weinstein (1998) use more disaggregated Japanese regional data to examine the relationship between factor endowments and the location of production. The data are again consistent with factor price equalization. However, there are substantial within-sample prediction errors, which Bernstein and
Weinstein interpret as evidence of production indeterminacy. Hanson and Slaughter (1999) use data on immigration in US States to test a generalization of the Rybczynski Theorem, which predicts that regions will accommodate immigrant inflows by changes in output mix rather than changes in relative factor prices. 5 Changes in state output mix are found to broadly match changes in state endowments. Moreover, the variation in factor intensities across US States is found to be consistent with relative factor price equalization. Assuming that each US State is small, the latter is a sufficient condition for changes in endowments to be accommodated by changes in output mix.
A body of empirical work has sought to characterize the nature and evolution over time of specialization in Europe using country-level data: see, for example, Amiti (1999) , Brulhart (2000) , and Redding (1998), (2000) . Amiti (1999) finds evidence of increasing specialization 5 See Gandal, Hanson, and Slaughter (1999) for a related analysis of immigration in Israel.
in Europe using production and employment data, while Brulhart (2000) finds that specialization has increased in employment terms but remained roughly unchanged in export terms. Using export data and statistical techniques for modelling the evolution of entire distributions, Redding (1998), (2000) find evidence of substantial changes in patterns of specialization over time.
In contrast to all of these papers, which employ country-level data, Vera-Martin (2000) characterizes specialization at the regional-level in Europe for the same sample considered here.
Finally, the paper relates to a recent empirical literature on economic geography. Weinstein (1996), (1999) respectively use country and regional-level data to test for a 'home market' or 'magnification' effect. That is, in models of economic geography, the presence of increasing returns to scale and transport costs means that an increase in expenditure on a good has a more than proportionate effect on domestic production of the good. The same is not true in the constant returns to scale world of HO, and this provides the basis for an identifying restriction. Using countrylevel data on OECD manufacturing industries, Davis and Weinstein (1996) find little evidence that considerations of economic geography are an important determinant of the structure of production.
The analysis of regional-level data on Japanese manufacturing industries in Davis and Weinstein (1999) reveals evidence of economic geography effects in 8 out of 19 industries, and these effects are shown to be quantitatively important. Brulhart and Torstensson (1996) and there should be no spatial structure to the regression residuals. In contrast, models of economic geography, imply the existence of increasing returns to scale and suggest an omitted variable in the regression residuals which will be spatially correlated.
The paper is structured as follows. Section 2 provides a brief review of the revenue function representation of the Heckscher-Ohlin model. Section 3 undertakes a preliminary analysis of the data, while Section 4 discusses the econometric specification. Section 5 presents the main econometric results and evaluates the performance of the HO model. Section 6 summarizes our conclusions.
Heckscher-Ohlin Theory
We consider the Heckscher-Ohlin (HO) model as a special case of neoclassical trade theory as expounded by Dixit and Norman (1980) and Woodland (1982) . Regions are indexed by z ∈ {1, ..., Z}, goods by j ∈ {1, ..., N} and factors of production by i ∈ {1, ..., M} . Time is indexed by t. Regions are endowed with an exogenous vector of factors of production, v zt . Production technologies and preferences are assumed to be identical across all regions. Production of each good occurs under conditions of perfect competition and constant returns to scale. General equilibrium in production may be characterized with the revenue function r (p zt , v zt ) . As long as the latter is twice continuously differentiable, a region's equilibrium vector of net output supplies equals the gradient of the revenue function with respect to the price vector, r p (p zt , v zt ) .
We follow Harrigan (1997) , Harrigan and Zakrajsek (1999) , and Kohli (1991) in assuming a translog revenue function,
where j, k ∈ {1, .., N} index goods and i, h ∈ {1, .., M} index factors. Symmetry of the cross effects implies,
Linear homogeneity of degree 1 in v and p requires,
Differentiating the revenue function with respect to the price of good j, we obtain,
A sector's share of a region's GDP, s zjt , provides a natural and theory-consistent measure of specialization in a particular industry. Equation (4) Before proceeding to the econometric estimation, it is worth noting two points. First, a key assumption in the derivation of equation (4) is that of identical technologies. Neoclassical trade theory provides a more general framework for explaining patterns of specialization than the HO model, in so far as it allows for differences in preferences and technologies. If there are Hicks-neutral technology differences across regions in particular industry-time period, the production function in each sector takes the form y zjt = θ zjt .F j (v zjt ). In this case, the revenue function may be written as
, where θ zt is an n × n diagonal matrix of the technology parameters θ zjt . 6 Changes in technology in industry j of region z are modelled in exactly the same way as changes in the price of industry j output. The economy's vector of net outputs continues to be given by the gradient of the revenue function with respect to p zt . Differentiating the revenue function with respect to the price of good j, we now obtain, 7
In addition to relative prices and factor endowments, region-industry-time technology levels play an important role in determining patterns of production. Equation (5) provides one explicit alternative hypothesis to the HO model.
Second, another assumption in the derivation of equation (4) was that each region is endowed with an exogenous vector of factor endowments, v zt . It could be argued that, while the assumption of exogenous factor endowments is plausible at the country-level, it is more problematic at the regionallevel due to factor mobility within countries. This is not clear. One of our factor endowments is regional land area, which, for fixed regional boundaries, is exogenous. Another of our factor endowments is labour (either total population or total population disaggregated by educational attainment). There is substantial empirical evidence that labour mobility (even of skilled labour) is surprisingly low across European regions. This is particularly true across countries, where language and other barriers operate, but is also true across regions within a country. 8 Nonetheless, we consider the implications of relaxing the assumption that each region is endowed with an exogenous vector of factor endowments.
Even if we allow complete mobility of factors of production across European regions, it can be shown that the above general equilibrium relationship between patterns of specialization and factor endowments will continue to hold. For example, suppose that we make the conventional assumption that all factor endowments are perfectly immobile across countries, but assume that all factor endowments except land are perfectly mobile across regions within a country. In this case, patterns of specialization in regions within a country can be related to factor endowments using the concept of integrated equilibrium. This concept is conventionally applied at the world-level (looking across several countries), but here we apply it at the country-level (looking across several regions within a country). For example, consider a world of two countries (home and foreign), two regions (North and South), two goods, and two factor endowments. One factor endowment (land) is perfectly immobile across regions, while the second (labour) is perfectly mobile across regions within a country. We can solve for general equilibrium at the country-level using conventional techniques, and the relationship between factor endowments and patterns of specialization in equation (4) must hold.
Equilibrium at the regional level is analyzed diagrammatically in Figure 1 . equilibrium allocation of factors of production to the two sectors. Mobility of labour implies that the (endogenous) allocation of factor endowments to the two regions must lie somewhere in the factor price equalization set OAO * A * (eg at point E). 9 At any such point within the factor price equalization set, we can find regional allocations of the two factors of production to each sector that exactly exhaust the region's endowment using the same equilibrium techniques of production as at the country-level. For endowment point E, these allocations correspond to the vectors OB and BE in South and EB * and B * O * in North. The same general equilibrium relationship between factor endowments and production levels holds at the regional-level as at the country-level. Equation (4) holds for individual regions within the country.
The same analysis does not go through if there are region-industry-time technology differences.
Mobile factors of production will continue to have an incentive to move (to high-technology regions)
until real returns are equalized. However, the presence of technology differences means that the real return to the immobile factor will not, in general, be equalized. With varying relative factor prices, individual regions will, in general, use different equilibrium production techniques. The relationship between factor endowments and production levels will different in each region. Thus, as in the case of technology differences and immobile factors of production, equation (4) no longer holds.
Data Description and Analysis
The main source of data is the Regio dataset compiled by the European Statistics Office (Eurostat).
We analyze patterns of production across 14 industries in 45 NUTS-1 regions from 7 European countries since 1975. The choice of countries reflects the availability of data; we consider Belgium, France, Italy, Luxembourg, Netherlands, Spain, and the United Kingdom. 10 As will be shown below, this is a group of countries among which there is substantial heterogeneity in patterns of production and factor endowments. The group includes several countries close to the 'core' of Europe (eg Belgium and France) and others located further towards the 'periphery' (eg Italy and Spain).
The number and size of NUTS-1 regions varies across European countries. This is perfectly consistent with our model, and the variation in size will be exploited in tests of the linear homogeneity restrictions implied by theory. In some European countries, such as Italy, the NUTS-1 regions correspond to the main regional political units. In the UK, they comprise geographical areas such as the North, South East, and South West. A full list of NUTS-1 regions in each country is given in Appendix A. We show below that there is also substantial variation in specialization and factor endowments across NUTS-1 regions within a country -from, for example, the North of Italy to Sicily.
Patterns of production are analyzed at two alternative levels of aggregation. First, we consider three aggregate (one-digit) industries: Agriculture, Manufacturing, and Services. Second, we exploit more disaggregated information on individual industries within Manufacturing. These are mainly two-digit industries, and include, for example, Textiles/Clothing and Chemicals. Again, full details are given in Appendix A.
The Regio dataset provides information on industry value-added and GDP by region, from which we compute the share of each sector in GDP. It also provides information on three broad factor endowments: total population, physical capital, and land area. 11 These data are merged with information on educational attainment at the regional level from individual country labour force surveys. This enables us to disaggregate the population endowment into low, medium, and high education. The definitions we employ are standard in the labour market literature (see, for example, Nickell and Bell (1996) and Machin and Van Reenen (1998) ). 'Low education' corresponds to no or primary qualifications, 'medium education' denotes secondary and/or vocational qualifications, and 'high education' is college degree or equivalent. 12 We collect the data from the individual country labour force surveys in as consistent a manner as possible. The country or regional fixed effects included in the econometric estimation will also control for potential variation across countries in the classification of levels of educational attainment.
The length of the time-series available varies with the level of industrial aggregation, whether or not we use the information on educational attainment, and with the country considered. In order to exploit all of the information available, we consider two estimation samples. Table 1 presents information on the share of the three aggregate industries in each region 's GDP in 1975 's GDP in , 1985 's GDP in , and 1995 . We find substantial variation in patterns of production across regions at any one point in time, even at the level of the three aggregate industries. For example, the share of Agriculture in GDP in 1985 varies from 0.03% in Be1 (Brussels) to 11.86% in Esp4 (Centre), while the share of Services in GDP in 1985 varies from 81.61% in Be1 (Brussels) to 49.57% in Esp2 (North East). There are also marked changes in patterns of specialization over time. Thus, the share of Agriculture in GDP in Esp4 (Centre) falls from 14.72% in 1980 to 5.39% in 1995, while the share of Services in GDP in Fra3 (Nord-Pas-de-Calais) rises from 46.68% in 1975 to 67.00% in 1995. 1 1 We also experiment with using data on arable land area to control for variation in land quality. 1 2 See Appendix A for further information concerning the data used. Table 2 analyses the evolution of the shares of the disaggregated manufacturing industries in GDP. For brevity, only the data for France and Spain are reported. Again, we observe substantial variation in patterns of production across regions at any one point in time. This is true both within and between countries. For example, the share of Metal Products and Machinery (Machine) in GDP in Fra7 (Centre-East) in 1985 is almost 3 times larger than that in Fra8 (Mediterranean) and almost 6 times larger than that in Esp6 (South). There are also changes in production patterns over time.
The share of Chemicals in GDP in Esp6 (South) falls by 45% between 1980 and 1994, while the share of Paper in FR3 (Nord-Pas-de-Calais) rises by 24% over the same period. Table 3 examines variation in the three broad factor endowments (Population, Capital, and Land) across regions at a point in time and within regions over time. The sample includes both Uk5 (with a population of more than 16 million in 1985) and Luxembourg (with a population of just over 350,000 in 1985) . Land area varies from around 16,000 hectares in Be1 (Brussels) to 21 million hectares in Es4 (Centre). While population declined in some regions, such as UK1 (North), it rose in others, such as UK6 (South-West). All regions exhibit an increase in the real stock of physical capital over time, although the rate of increase varies across regions.
In Table 4 , we report regional educational attainment as a percentage of the population for the years 1985 and 1995. It is well known from the labour market literature that the sample period was one of rising educational attainment in European countries (see, for example Nickell and Bell (1996) and Machin and Van Reenen (1998) ). With the exception of Be1 (Brussels), all regions in Table   4 experience a rise in the share of the population with high education during the sample period.
However, the rate of increase varies substantially, even across regions even within a country. For example, in Esp2 (North-East) the high education share rises by over 70%, while in the neighbouring region of Esp1 (North-West) the proportional rate of increase is approximately 40%. Multiplying the percentage shares in Table 4 by the population levels reported in Table 3 , we obtain regions' endowments of low, medium, and high education individuals.
Econometric Specification
Our main econometric equation is derived directly from the theoretical model of Section 2. From equation (4) we obtain,
where ε zjt is a stochastic error. We begin by assuming that this error is independently and identically distributed across regions and years. This assumption will be relaxed below where we consider a very general error components structure. Equation (6) is estimated separately for each industry j, pooling observations across regions z and over time t. One problem in estimating this relationship using regional data is that measures of relative prices are not available for individual industries at the regional level. 13 If relative prices are uncorrelated with factor endowments, it is still possible to consistently estimate the parameters γ ji as follows,
This is the first econometric specification that we consider (SP1), and is estimated separately for each industry using OLS. However, it is extremely implausible that regional relative prices will be uncorrelated with factor endowments. This is possible if all goods are perfectly tradeable and each region is a small open economy facing exogenous relative goods prices. If some goods are nontradeable and/or regions are large, HO theory itself predicts a correlation between regional relative prices and factor endowments. Therefore, subsequent econometric specifications explicitly control for relative prices.
In Specification 2 (SP2), we control for relative prices by assuming that all goods are perfectly tradeable. In this case, relative goods prices are the same across regions (p zkt = p kt for all z) and the second term of the right-hand-side of equation (6) may be replaced with a set of {0,1} time dummies
where the time dummies also control for common macroeconomic shocks across regions in the error term ε zjt .
The assumption that all goods are perfectly tradeable is strong. We are concerned with a general equilibrium relationship between a region's extent of specialization in industry j, relative prices, and factor endowments. This relationship includes the relative prices of all goods k ∈ n, p kzt , and some goods (in particular, services) are likely to exhibit a degree of non-tradeability. Subsequent econometric specifications explicitly control for the existence of non-traded goods, and allow for more general forms of the error term ε zjt . For example, as well as common macroeconomic shocks across regions, one might want to allow for a common error component across regions and time within a country or across time within individual regions.
We begin by partitioning the full vector of goods prices (p zt ) into the vectors of tradeable (p T zt ) and nontradeable goods (p N zt ) goods prices,
where n = n T + n N . Equation (6) may then be written as,
Following Harrigan (1997), we model unobserved non-traded goods prices as being drawn from an estimable probability distribution. Specification 3 models non-traded goods prices with a country fixed effect, time dummies, and an independently distributed stochastic error,
where c indexes countries. Combining equations (9) and (10), we obtain,
where ω zjt = ε zjt +u zjt . The country fixed effect (η cj ) will also control for a common error component across regions and time within an individual country. 
where the country-time dummies (d cjt ) control for a country-specific level and trend in relative goods prices over time. This specification allows increasing European integration to have different effects on relative prices in individual countries. The parameters of interest (γ ji ) are now identified solely from variation in factor endowments across regions within a country. This includes both cross-section variation in factor endowments (across regions within a country at a point in time) and differential time-series variation in factor endowments (in individual regions within a country over time). 14 As well as incorporating a more general model of non-traded goods prices, this specification therefore allows us to abstract from cross-country differences and focus on the Heckscher-Ohlin model's ability to explain regional variation in patterns of production within countries.
Specification 5 allows for an even more general model of non-traded goods prices by including a regional fixed effect, country-time dummies and an independently distributed stochastic error,
where the regional fixed effect (η zj ) also controls for a common error component across time within an individual region. The parameters γ ji are now identified solely from differential time-series variation in factor endowments in individual regions within a country.
In estimating Specifications 1-5, we would like to observe an effect of factor endowments on patterns of production that is either robust across the different specifications or becomes clearer as we move to more general models of non-traded goods prices and more general forms of the error term ε zjt . However, if our right-hand-side variables are measured with error, it is well known that the within groups transformation in (SP5) can greatly exacerbate the resulting attenuation bias. 15 The extent of the 'within' or time-series variation in factor endowments due to variation in true unobserved factor endowments may be small relative to that due to measurement error. This is likely to be a particular problem in the present application, because the extent of the time-series variation in some of our factor endowments (in particular, land area and, to a lesser extent, population) is limited.
We address this problem in two ways. First, we exploit disaggregated data on the educational attainment of the population and on arable land area. The resulting measures of factor endowments control for cross-region variation in levels of skills and land quality, and exhibit greater differential variation over time within individual regions. Second, following Griliches and Hausman (1986) , we consider the use of first-differenced estimators. The longer the interval of time over which we difference the data, the greater the amount of variation in true unobserved factor endowments relative to that due to measurement error. The attenuation bias due to measurement error should therefore be smaller using longer differences, and we analyze the results of 10-year difference estimators.
Specification 6 is thus,
Before proceeding to the econometric estimation, a number of issues merit discussion. First, it is worth reiterating that, as we move between specifications, we change the source of variation in the 1 5 See, in particular, Griliches and Hausman (1986) .
data that is used to identify the coefficients on factor endowments. In (SP1), the γ ji are identified from variation in factor endowments between countries, between regions within countries, and within regions over time. In (SP5), the γ ji are identified from differential variation in factor endowments over time in individual regions within a country.
Second, it is useful to relate the analysis here back to the earlier theoretical discussion of the HO and neoclassical models. In Section 2, we saw how country-industry-time technology differences could be incorporated into the neoclassical model, thereby modifying the equation for the share of an industry in a region's GDP (equation (5)). The country and regional fixed effects will respectively also control for any time-invariant differences in technology across countries and regions. Similarly, the country-industry time dummies will also control for any differences in the time path of technology levels across countries.
The third point has been already hinted at in the discussion above. By construction, the share of sector j in GDP, s zjt , is bounded between 0 and 100 per cent, and is I(0). However, in any finite sample, it may be I(1). This is particularly true of our sample period , which, in A test for stationarity of the residuals is thus an important model specification test, and we make use of the panel data unit root test of Maddala and Wu (1999) . 16 Fourth, a key assumption of neoclassical trade theory is that the production technology is constant returns to scale. That is, neoclassical trade theory implies that the revenue function is homogeneous of degree 1 in factor endowments (equation (3)). In contrast, the new economic geography literature (see, in particular, Fujita, Krugman, and Venables (1999) ) emphasizes the role of increasing returns to scale. A test that the revenue function is homogenous of degree 1 ( P i γ ji = 0) therefore provides 1 6 The Maddala and Wu or Fisher test statistic is based on the sum of the P -values from conventional Augmented Dickey Fuller (ADF) tests on the residuals for each cross-section unit z ∈ Z; it can be shown that −2 P z ln Pz has a χ 2 distribution with 2Z degrees of freedom. This test statistic has a direct intuitive interpretation, is valid for unbalanced panels, and has attractive small sample properties (Maddala and Wu (1999) ). Other analyses of unit roots and cointegration in a panel data context include Im et al. (1997) , Levin and Lin (1992) , Pedroni (1999) , Pesaran et al. (1998), and Quah (1994). another important model specification test.
Fifth, the estimated coefficientsγ ji correspond to general equilibrium effects of factor endowments on patterns of production. In the higher-dimensional Heckscher-Ohlin model with n > 2 goods and m > 2 factors of production, it is not possible to use information on factor intensities to make precise statements about the effects of a country's endowment of one factor of production on output in a particular industry. Nevertheless, since the theorems of the 2×2×2 Heckscher-Ohlin model hold in a weakened form as averages or correlations, 17 we would expect a pattern of estimated coefficients across all industries taken together that is broadly consistent with information on factor intensity.
Empirical Results
Tables 5A-C report the results of estimating specifications (SP1)-(SP5) on the three aggregate (onedigit) industries for Sample A. We find a statistically significant relationship between factor endowments and regional patterns of production. 18 The inclusion of year dummies and country fixed effects proves important in identifying this relationship -the pattern of estimated coefficients changes as we move from (SP1) to (SP3). This is exactly as one would expect if factor endowments are correlated with relative prices and if there is a common error component across all regions within a country that is correlated with factor endowments. In contrast, the pattern of estimated coefficients is extremely stable as one moves from (SP3) (country dummies and year dummies) to (SP4) (countryyear dummies). The second of these specifications corresponds most closely to the motivation in the introduction, in so far as it focuses on the relationship between patterns of production and factor endowments within countries.
The values of the estimated coefficients in (SP4) are generally consistent with economic priors. The pattern of estimated coefficients changes substantially when we include regional fixed effects in (SP5), and no longer has a plausible economic interpretation. For example, land area is negatively related to the share of Agriculture in GDP (though the relationship is not statistically significant), while endowments of physical capital are positively and statistically significantly related to specialization in Agriculture. Since there is almost no time-series variation in land area (see Table 3 ), it is unclear how appropriate or meaningful this econometric specification is. The parameters of interest are being identified from deviations from time means, which in all cases are extremely small and in many cases are zero. It is plausible that the change in the estimated coefficients between (SP4) and (SP5) is largely driven by measurement error (see, for example, Griliches and Hausman (1986) ).
We investigate this possibility further below, where we disaggregate factor endowments (thereby introducing more time-series variation) and explore the results of long differences estimation.
Tables 5A-C also report the sum of the estimated coefficients on factor endowments in each industry and the results of a test whether the revenue function is linearly homogenous of degree 1 in factor endowments ( P i γ ji = 0). Although the sum of the estimated coefficients is close to zero (often of order of magnitude 10 −2 or smaller), the null hypothesis is frequently rejected at conventional levels of statistical significance, and is in fact rejected in all 3 industries in specifications (SP3) and (SP4). There is some evidence of increasing returns to scale in Manufacturing, where the sum of the estimated coefficients is strictly greater than zero in all specifications.
A second model specification test examines the stationarity of the residuals using the unit root tests of Maddala and Wu (1999) . In most specifications, we are able to reject the null hypothesis of a unit root in the residuals in Agriculture and Manufacturing. For example, in Agriculture, it is only when we consider specification (SP1) that we are unable to reject this hypothesis. However, in Services, we are unable to reject the null hypothesis of a unit root in the residuals in specifications (SP1)-(SP4). Taken together, these results provide some evidence of model mis-specification, particularly in the Services sector. Two possible explanations for the non-stationarity of the Services' residuals are the omission of information on relevant factor endowments or the existence of time-varying region-industry technology differences (both of which will be included in the error term). Table 6 investigates the first of these possibilities by introducing information on educational attainment and land quality. The availability of the educational attainment data reduces the sample size to 696 observations per industry (Sample B). 19 For brevity, we only report the results for (SP4) and (SP5), and we begin by considering those in (SP4). The estimated coefficients on physical capital are very similar to those above, while the arable land coefficients resemble those estimated on total land area in Tables 5A-C. Endowments of physical capital are positively related to specialization in Manufacturing and negatively related to specialization in Agriculture and Services. Increased endowments of arable land are associated with a higher share of Agriculture and Manufacturing in GDP, and a lower share of Services. All of these coefficients are statistically significant at the 5% level.
We find evidence of a statistically significant relationship between education endowments and a sector's share of GDP. Increased endowments of low-education labour are positively associated with specialization in Agriculture, while endowments of medium-education labour are negatively correlated with the share of this sector in GDP. Both coefficients are statistically significant at the 5% level. There is a positive and statistically significant relationship between endowments of mediumeducation labour and Manufacturing's share of GDP, while the relationship with endowments of high-education labour is negative and statistically significant. Endowments of high-education labour are positively linked with specialization in Services, while endowments of medium-education labour are negatively linked with the share of this sector in GDP. Both coefficients are statistically significant at the 5% level. This pattern of results is consistent with the idea that Services is skilled-labour intensive relative to Agriculture and Manufacturing.
The introduction of more disaggregated measures of factor endowments increases the regression R 2 . For example, in (SP4) in Manufacturing, this rises from 0.41 in Table 5B to 0.50 in Table 6 .
We are now able to reject the null hypothesis of a unit root in the residuals at the 5% level in all three industries. This is consistent with the idea that the non-stationarity of the residuals in the specification with population, physical capital, and land area was due to the omission of information on relevant factor endowments. The sum of the estimated coefficients on factor endowments in all three industries is again close to zero, although the null hypothesis that the revenue function is linearly homogenous of degree 1 is rejected at the 5% level. The sum of the estimated coefficients in the Manufacturing sector remains strictly greater than zero, again providing some evidence of increasing returns to scale.
The introduction of regional fixed effects in (SP5) leads to a reduction in the absolute magnitude of most estimated coefficients. The sign of a number of estimated coefficients also changes, and these often no longer have a plausible economic interpretation. For example, increases in arable land area are negatively (though not statistically significantly) related to specialization in Agriculture. Again, it is plausible that these results are driven by measurement error -the reduction in the absolute magnitude of the estimated coefficients is particularly suggestive of attenuation bias. The extent of the 'within' or time-series variation due to variation in true unobserved factor endowments may be small relative to that due to measurement error. This is particularly true, for example, for arable land area. 20 Table 7 investigates this possibility further using the results of long differences estimation 2 0 The extent of time-series variation in arable land area, though larger than that in total land area, remains small. over a 10-year time period (SP6). The long differences estimator enables us to control for unobserved heterogeneity at the regional level, while reducing the magnitude of any attenuation bias induced by measurement error. The pattern of estimated coefficients in Table 7 is similar to that reported in (SP4) of Table 6 . For example, arable land area is positively and statistically significantly related to the share of Agriculture in GDP and negatively and statistically significantly related to the share of Services. The main exception is for the low education endowment, where one of the estimated coefficients changes sign.
The constancy of the estimated parameters as one moves from (SP3) to (SP4) in Tables 5A-C, the fact that (SP4) is explicitly concerned with variation in factor endowments across regions within a country, and the support provided by the results of long differences estimation, lead us to select (SP4) as our preferred specification. Throughout the remainder on the paper, we concentrate on the results using information on educational attainment and land quality. While the analysis so far has established the statistical significance of factor endowments in explaining patterns of production at the regional level, it has not established their quantitative importance. We investigate this issue by examining the model's within-sample prediction errors. Table 8 Table 6 ; these are indicated by the superscript 1 in Table 8 . Second, we evaluate predicted values from only those terms controlling for relative prices (ie excluding all factor endowments); these are indicated by the superscript 2. Existing studies using country-level data (Harrigan (1995) ) and Japanese regional data (Bernstein and Weinstein (1998) ) have focused on the Heckscher-Ohlin model's predictions for levels of output rather than for shares of GDP. To enable the results to be compared, it is straightforward to evaluate predicted output using the model. This is obtained simply by multiplying predicted shares by actual GDP, and the proportional prediction errors for output are identical to those reported for shares of sectors in GDP in Table 8 . The model's average prediction error in Manufacturing across all countries and years is 13%, and varies from 6% in Belgium to 18% in the Netherlands. Factor endowments make a substantial contribution to explaining patterns of specialization across regions within countries. If we use the estimated coefficients to evaluate predicted shares of GDP excluding information on factor endowments, the average prediction error in Manufacturing across all countries and years rises to 49%.
Our measures of factor endowments are most successful at explaining regional patterns of production in Services and Manufacturing. Across regions in each country and with the sole exception of the Netherlands, we find the same ranking of industries in terms of (increasing) average prediction errors: from Services, through Manufacturing, to Agriculture. The average prediction error across all countries and years in Manufacturing (13%) compares favorably with the average prediction error across disaggregated manufacturing industries in Harrigan (1995) using country-level data (38%) and with the average prediction errors reported using regional data in Bernstein and Weinstein (1998) .
One of the features that makes our sample period interesting is that it is one characterized by increasing European integration. In Table 9 , we examine the magnitude of the model's prediction errors over time. Has the process of closer integration weakened the relationship between regions' patterns of production and their factor endowments, so that we observe an increase in average prediction errors over time? Since the country-year dummies in (SP4) control for any countryspecific changes in patterns of production, the analysis is explicitly concerned with how increasing integration affects the relationship between patterns of production and factor endowments within countries. From Table 9 , we find no systematic increase or decrease in average prediction errors over time. Across all countries and years, the average prediction error falls in Services and remains broadly constant in Manufacturing and Agriculture.
Finally, it is frequently asserted that factor endowments explain specialization and trade at the aggregate level in industries such as Agriculture, Manufacturing, and Services, while other considerations, including imperfect competition and increasing returns to scale, are more important for specialization and trade within these aggregate industries. This hypothesis is implicit in the construction of theoretical models of inter and intra-industry trade, such as Krugman (1981 ), Helpman (1981 , and Helpman and Krugman (1985) . The same assumption is made in empirical work by Weinstein (1996), (1999) . The present dataset and empirical framework may be used to shed light on whether this hypothesis holds for European regions. The model is estimated for individual disaggregated industries within the manufacturing sector, and the results are reported in Tables C1A and C1B of Appendix C. Factor endowments are found to play a statistically significant role in explaining patterns of production at the disaggregated level. For example, physical capital is positively and statistically significantly related to the share of Chemicals, Machinery, and Transport Equipment in a region's GDP. Medium education has a positive and statistically significant effect on specialization in Metals, Machinery, and Transport Equipment.
In Table 10 , we examine the model's within-sample prediction errors at the disaggregated level.
In 10 of the 11 manufacturing industries and for every 5-year period considered, the average within-sample prediction errors across countries, regions, and time are higher than those reported for manufacturing as a whole in Table 9 (the exception is the Construction industry). Considering all 11 disaggregated industries together, the average prediction error across countries, regions, and time during 1985-90 was 48%. This compares with an average error across countries, regions, and time for the 3 aggregated industries in Table 9 of 31% over the same period. These results provide evidence that factor endowments are indeed more successful at explaining patterns production at the aggregate level (Agriculture, Manufacturing, and Services) than in disaggregated industries within the manufacturing sector.
The within-sample prediction errors for the disaggregated industries in Table 10 exhibit no systematic trend over time. Therefore, at the disaggregated level within manufacturing, we again find no evidence that the process of increasing European integration has weakened the relationship between factor endowments and patterns of production within countries. The null hypothesis that the residuals are I (1) is rejected in 10 of the 11 industries. Once information on educational attainment and land quality is incorporated into the analysis, there is again little evidence that the model is mis-specified in this regard. The sum of the estimated coefficients on factor endowments is, in most cases, close to 0, although the null hypothesis that the revenue function is linearly homogenous of degree 1 is rejected in all 11 disaggregated industries.
Conclusions
This paper has analyzed the relationship between patterns of production and factor endowments using data on a panel of 14 industries in 45 regions from 7 European countries since 1975. We estimate a structural equation derived directly from Heckscher-Ohlin (HO) theory that relates the share of a sector in a region's GDP to factor endowments and relative prices. The use of European regional data enables us to abstract from many of the considerations that have been proposed as explanations for the disappointing empirical performance of HO theory at the country-level. At the same time, increasing economic integration introduces exogenous variation in relative prices, which we control for, and which means that Europe provides an interesting laboratory within which to explore the relationship between production patterns and factor endowments. In contrast to much existing empirical work on the international location of production, we explicitly consider both manufacturing and non-manufacturing sectors. Across a wide range of different econometric specifications, there is a statistically significant relationship between factor endowments and patterns of production. Increases in physical capital are positively associated with Manufacturing's share of GDP and negatively associated with the share of Agriculture and Services. Movements from medium to high education are negatively related to specialization in Manufacturing and positively related to specialization in Services. These effects are quantitatively important: including information on factor endowments reduces the model's average within-sample percentage prediction error by around 350%. Among the three aggregate industries considered, factor endowments are most successful at explaining regional specialization in Services and Manufacturing. Across regions within each country, we typically find the same ranking of industries in terms of (increasing) average prediction errors, from Services, through Manufacturing, to Agriculture. There is no evidence that the process of increasing economic integration in Europe has weakened the relationship between patterns of production and factor endowments across regions within countries.
There are clearly a large number of potential determinants of regional production patterns, including factor endowments, technology, and agglomeration economies. We find that the Heckscher-Ohlin model, with its emphasis on variation in factor endowments, provides a parsimonious and relatively successful explanation of European regional production patterns. Once information on educational attainment and land quality is incorporated in our measures of factor endowments, there is no evidence of non-stationarity in the model's residuals, as would be implied, for example, by time-varying region-industry technology differences. As frequently assumed in theoretical work, but rarely examined empirically, factor endowments are more successful at explaining specialization in aggregate industries (such as Agriculture, Manufacturing, and Services) than in disaggregated industries within the manufacturing sector (such as Chemicals and Machinery). Agriculture, Manufacturing, and Services in GDP in 1975 (a) Manufacturing, and Services in GDP in 1975 (a) France and Spain in 1975 (a) Region (a) See Appendix A for industry definitions. Factor Endowments in 1975 1975-95 1975-95 1975-95 1975-95 1975- 1975-95 1975-95 1975-95 1975-95 1975- 1975-95 1975-95 1975-95 1975-95 1975- 1975-95 1975-95 1975-95 1975-95 1975-95 1975- (a) Prediction errors are evaluated using the estimated coefficients reported in Columns (1)-(3) of Table 6 (SP4). The superscript 1 indicates the use of the regression's fitted values. The superscript 2 indicates the use of predicted values from all right-hand variables except factor endowments. (b) The reported prediction errors exclude region Be1 (Brussels). Brussels is a capital city, and the share of Agriculture in this region is a clear outlier. As a robustness test, we re-estimated the model excluding this region; this produced very similar estimated coefficients to those reported earlier. (c) Luxembourg has only one NUTS-1 region. The fitted values for shares of sectors in GDP in the specification with country-year dummies are therefore exactly equal to the actual values (we estimate as many country-year coefficients as there are observations for Luxembourg). We experimented with treating Luxembourg as a region of Belgium; again this yielded very similar estimated coefficients to those reported earlier. (a) Prediction errors are evaluated using the estimated coefficients reported in Columns (1)- (3) of Table 6 (SP4). The superscript 1 indicates the use of the regression's fitted values. (b) The reported prediction errors exclude region Be1 (Brussels). Brussels is a capital city, and the share of Agriculture in this region is a clear outlier. As a robustness test, we re-estimated the model excluding this region; this produced very similar estimated coefficients to those reported earlier. (c) Luxembourg has only one NUTS-1 region. The fitted values for shares of sectors in GDP in the specification with country-year dummies are therefore exactly equal to the actual values (we estimate as many country-year coefficients as there are observations for Luxembourg). We experimented with treating Luxembourg as a region of Belgium; again this yielded very similar estimated coefficients to those reported earlier. (a) Prediction errors are |s zjt −ŝ zjt | /s zjt , and are evaluated using the fitted values from the regressions reported in Table C1 in Appendix C (SP4). (b) The reported prediction errors exclude region Be1 (Brussels). Brussels is a capital city, and the shares of some disaggregated manufacturing industries in this region are clear outliers. As a robustness test, we reestimated the model excluding this region; this produced very similar estimated coefficients to those reported earlier. (c) The reported prediction errors exclude the Metal industry in region Esp7 (Canaries). From Table 2 , Metal constitutes a very small share of GDP in this region. As a robustness test, we re-estimated the model excluding this region; this produced very similar estimated coefficients to those reported earlier. (d) Luxembourg has only one NUTS-1 region. The fitted values for shares of sectors in GDP in the specification with country-year dummies are therefore exactly equal to the actual values (we estimate as many country-year coefficients as there are observations for Luxembourg). We experimented with treating Luxembourg as a region of Belgium; again this yielded very similar estimated coefficients to those reported earlier. (a) Period (1 (a) Prediction errors are |s zjt −ŝ zjt | /s zjt , and are evaluated using the fitted values from the regressions reported in Table C1 in Appendix C (SP4). (b) The reported prediction errors exclude region Be1 (Brussels). Brussels is a capital city, and the shares of some disaggregated manufacturing industries in this region are clear outliers. As a robustness test, we reestimated the model excluding this region; this produced very similar estimated coefficients to those reported earlier. (c) Luxembourg has only one NUTS-1 region. The fitted values for shares of sectors in GDP in the specification with country-year dummies are therefore exactly equal to the actual values (we estimate as many country-year coefficients as there are observations for Luxembourg). We experimented with treating Luxembourg as a region of Belgium; again this yielded very similar estimated coefficients to those reported earlier. 1975-95 1975-95 1975-95 1975-95 1975-95 1975- Notes: Huber-White heteroscedasticity robust standard errors in parentheses. ** denotes significance at the 5% level, * denotes significance at the 10% level.
